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Neonatal levels of acute phase proteins and later risk of 
non-affective psychosis 

RM Gardner 1 , C Dalman 2 , S Wicks 2 , BK Lee 3 and H Karlsson 1 

Mounting evidence suggests that immune disturbances in early life may be implicated in the etiology of non-affective psychoses. 
Our aim was to assess the levels of neonatal acute phase proteins (APPs), central to innate immune function as well as central 
nervous system development, in neonatal dried blood spots and their association with later risk of non-affective psychoses. This 
case-control study included 196 individuals with a verified register-based diagnosis of non-affective psychosis and 502 controls 
matched on age, sex and hospital of birth. Concentrations of nine different APPs were measured in eluates from dried blood 
spots using a bead-based multiplex assay. Odds ratios (OR) for non-affective psychoses were calculated for log 2 -transformed 
(continuous) as well as tertiles of APP concentrations. In continuous analysis, higher concentrations of two APPs, tissue 
plasminogen activator (tPA; OR: 0.90, 95% confidence interval (CI): 0.85-0.96) and serum amyloid P (SAP; OR: 0.88, 95% CI: 0.78- 
0.99) were protective in terms of risk of non-affective psychosis. These relationships were not affected by the addition of 
covariates relevant to maternal health, pregnancy and delivery to the model. Tertile analysis confirmed a protective relationship 
for higher levels of tPA and SAP, as well as for procalcitonin (highest tertile OR: 0.54, 95% Cl:0.32-0.91 ). Our results suggest that 
persons who develop non-affective psychoses have lower levels of certain APPs at the time of birth. These differences may 
render individuals more susceptible to infectious diseases or cause deficiencies in pathways critical for neurodevelopment. 
Translational Psychiatry (2013) 3, e228; doi:1 0.1 038/tp.201 3.5; published online 19 February 2013 



Introduction 

Despite decades of research, the etiology and pathogenesis 
of schizophrenia and other non-affective psychoses remain 
elusive. The strongest risk factor for developing schizophrenia 
is having a family history of schizophrenia and other mental 
disorders. 1,2 Although this is commonly taken as evidence of 
heritable causes, most individuals (>85%) with schizophre- 
nia do not have a family history of schizophrenia. 3 Moreover, 
no major risk-allele has so far been identified. Minor risk 
alleles have consistently been reported in the major histo- 
compatibility complex region on chromosome six, 4 " 9 which is 
enriched in genes involved with regulation of the immune 
response. The findings are in agreement with the large body of 
literature indicating immune system dysfunction in individuals 
with schizophrenia or other non-affective psychoses. For 
example, patients are reported to have an increased 
incidence of autoimmune diseases, 10-12 exhibit altered levels 
of multiple inflammatory mediators (reviewed by Miller era/. 13 ) 
and have glial cell activation. 14 Although some of these 
changes are observed during the early stages of disease, it is 
not known whether they are a cause or an effect of disease 
progression. 

The single nucleotide polymorphisms identified as con- 
tributing some risk of schizophrenia account for only 23% of 
variation in liability to schizophrenia. 15 Although this percen- 
tage could increase with sample size, the polygenic nature of 
schizophrenia suggests that environmental influences are 
important in determining whether susceptible individuals 



manifest the disease. Recent reports suggest that environ- 
mental exposures during early life, through childhood and up 
to the point of first onset may contribute to disease 
development. For example, maternal exposures to certain 
infectious agents 16-18 and dietary antigens 19 are associated 
with disease development in the offspring. 

Given the range of maternal exposures associated with 
disease in the offspring, the maternal immune response rather 
than exposure to specific agents or antigens may mediate the 
actual risk during early life. This notion is supported by studies 
of archived maternal sera where high levels of both tumor 
necrosis factor-a and interleukin (IL)-8 were associated with 
the development of psychosis in offspring. 20,21 Experimental 
studies also indicate that maternal inflammatory signals, 
particularly IL-6, can produce behavioral abnormalities in 
adult offspring. 22,23 In these models, maternal IL-6 induces 
cellular and signaling changes in the placenta, including an 
upregulation of innate immune response genes 24 However, 
the etiological relevance of these experimental models for 
human populations is not known. Moreover, no study to date 
has investigated the neonatal immune system with regard to 
future risk of disease. 

Acute phase proteins (APPs) constitute part of the innate 
immune response and are produced, primarily in the liver, in 
response to inflammatory cytokines. 25 APPs function to 
promote the recognition and opsonization of infectious agents 
and infected cells, to increase blood viscosity and clotting 
potential and to sequester nutrients, which pathogens require 
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to replicate. 26 From early in the second trimester, the fetal liver 
can produce APPs in response to cytokines such as IL-6, the 
inflammatory mediator that most strongly drives the acute 
phase response. 27 Although some factors involved in the 
immune response are actively or passively transported across 
the human placenta during pregnancy, APPs are not believed 
to cross the placenta. 28 Levels of APPs in the neonatal blood 
can therefore be considered specific indicators of the status of 
the perinatal innate immune system. 

The purpose of the present study was to measure a range of 
APPs in dried blood spots prospectively collected from 
neonates who later develop non-affective psychosis and 
matched control individuals. 

Materials and methods 

Study population. The study population for this case- 
control study was selected from individuals born in Sweden 
between 1975 and 1985. Data on individuals with psychiatric 
illness were extracted from the National Patient Register that 
includes all in-patient care in Sweden since 1987 and from 
the Stockholm psychiatric healthcare registry that includes 
psychiatric out-patient care since 1997. To be included, 
cases must be alive, still living in Sweden and diagnosed in 
Stockholm with non-affective psychoses as in-patients 
between 1 Jan 1987 and 31 Dec 2003 or as out-patients 
between 1 Jan 1997 and 31 Dec 2003. Two psychiatric 
nurses verified that the register diagnoses corresponded to 
the diagnosis in the records at the psychiatric clinics. Non- 
affective psychoses were defined according to the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition 
(DSM-IV) and International Classification of Disease (ICD-9 
and -10), as described in detail previously. 19 Of the 696 
subjects originally identified (Figure 1), 656 were eligible and 
were approached through their mental health care giver and 
invited to participate by an initial letter, followed by up to three 
letters of reminder. Of these, 237 subjects responded 
positively and were enrolled (Figure 1). 
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Figure 1 Lost to follow-up. 



Comparison individuals were selected from the Swedish 
Medical Birth Register (MBR), which includes pregnancy 
outcome data on all children born in Sweden since 1973. 
Comparison individuals were matched for sex, birthdate and 
birth hospital. Individuals were included if they were alive on 
31 Dec 2003 and had not been treated as in-patients at a 
psychiatric clinic. Out of the 1 524 originally identified subjects, 
1467 persons were invited to participate and 622 controls 
were enrolled (Figure 1). 

Written, informed consent was obtained from all the study 
subjects. The study was approved by the regional research 
ethics committee at Karolinska Institutet, Stockholm, Sweden. 

Blood spots. Since 1975 in Sweden, blood has been 
collected on a filter from all newborns and stored at a central 
biobank for screening for metabolic diseases (for example, 
phenylketonuria). For this study, one blood spot (or a portion 
thereof) for each consenting participant was excised and 
transferred to individual plastic re-sealable bags. After 
matching and subsequent to our previous analyses, there 
was sufficient material to conduct further analysis for a final 
sample of 196 cases and 502 matched controls (Figure 1), 
matched at a ratio varying from 1:1 to 1 :5. 

Analysis of APPs. During sample processing, all personnel 
were blind to case-control status of the filters. A 3.2-mm 
diameter disc was punched from each blood spot and 
distributed in 96-well plates. Discs were immersed in 80 j-il 
of phosphate-buffered saline containing 1% bovine serum 
albumin and 0.05% Tween and incubated at room tempera- 
ture with gentle agitation for 1 h. One punch from a blank, 
never-used phenylketonuria filter was included in a rando- 
mized location on every plate to function as a negative 
control. Eluates were stored at -80°C until analysis. 
Eluates were analyzed for the concentration of nine APPs 
using a premixed, magnetic bead-based multiplex panel (Bio- 
Rad, Hercules, CA, USA), according to the manufacturer 
instructions. In order to fall within the analytical range, 
eluates were diluted 1:80 using phosphate-buffered saline 
with 1% bovine serum albumin for analysis of a-2 micro- 
globulin, C-reactive protein (CRP), haptoglobulin and serum 
amyloid P (SAP). Eluates were used without dilution for the 
analysis of procalcitonin, ferritin, tissue plasminogen activa- 
tor (tPA), fibrinogen and serum amyloid A (SAA). Samples 
were analyzed and concentrations of APPs were imputed 
using Bio-Plex 200 Suspension Array System with Bio-Plex 
Manager 6.0 software (Hercules, CA, USA). Coefficients of 
variation were calculated for the manufacturer-provided 
analytical controls. These varied by analyte from 6% to 
14% (Table 1). All analytes from all blank filters were below 
the limit of detection. The percentage of samples analyzed 
that were below the lower limit of quantification (LLOQ) 
varied by analyte from 1% to 11% (Table 1). Samples below 
the LLOQ were assigned the value of the LLOQ/^/2 in 
subsequent analyses. 

Covariate data. Data on maternal immigration, maternal 
age at birth of the child, gestational age, weight and length 
at birth, mode of delivery and Apgar scores were collected 
from the MBR. 
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Table 1 Analytical statistics for measurement of nine acute phase proteins 


Analyte 


% CV 


% Below 


LLOQ 




(controls) 


LLOQ 




ot-2-Macroglobulin 


14 


0.6 


0.081 ngmr 1 


Haptoglobin 


11 


1.0 


0.026 ngmr 1 


C-reactive protein 


10 


1.2 


0.001 5 ngmr 1 


Serum amyloid P 


11 


0.7 


0.011 ngmr 1 


Procalcitonin 


11 


11.1 


0.67 pgrnl" 1 


Ferritin 


6 


0.8 


0.85 pgmr 1 


tPA 


6 


10.2 


2.0pgmr 1 


Fibrinogen 


13 


4.6 


3.5 ngmr 1 


Serum amyloid A 


8 


11.4 


0.49 ngmr 1 



Table 2 Summary of potentially influential covariates and APPs by case and 
control 



Abbreviations: LLOQ, lower limit of quantification; CV, coefficient of variation; 
tPA, tissue plasminogen activator. 



Statistical analyses. Spearman correlations were calcu- 
lated for APPs. Due to skewness, APPs concentrations were 
log 2 -transformed for analysis; therefore, each odds ratios 
(OR) represents the average change in odds associated with 
doubling of the concentration of the biomarker. Conditional 
logistic regression for matched data was used to calculate 
OR for each log 2 -transformed APP (Model 1). Subsequent 
models were adjusted for maternal age (35+ years), having 
a foreign-born mother and C-section birth (Model 2). Model 3 
adjusted for Model 2 covariates along with low Apgar (<7 at 
5 min), birth order (first child or other), gestational week ( ^37 
or <37), small-for-gestational age and ponderal index. 

Analysis of APPs as continuous variables assumes an 
underlying dose-response relationship and is susceptible to 
influence by outlying values. As a sensitivity analysis, data for 
each APP were divided into tertiles based on the concentra- 
tion distribution among controls. Conditional logistic regres- 
sion was again used to compare the middle and upper tertiles 
with the lowest tertile for each APP, in a model adjusted for 
maternal age (35 + years), having a foreign-born mother, and 
C-section birth. 

Results 

The population demographics, including the distribution of 
APP concentrations in filter eluates, are given in Table 2. The 
correlation coefficients for the APPs ranged from 0.21 to 0.83 
(Supplementary Table S1). No relation was found between 
APP concentrations and season of birth (Supplementary 
eFigure S1). 

In general, risk of non-affective psychoses was reduced 
with increased concentrations of APPs (Table 3). Decreased 
risks of non-affective psychoses were associated with 
increasing concentrations of tPA and SAP (Table 3). 

Potential confounding. Maternal-age (>35 years; OR: 
1.81; 95% confidence interval (CI): 1.04-3.15) and maternal 
migration to Sweden (OR: 1.79; 95% CI: 1.14-2.83) were 
associated with increased risk of non-affective psychosis, 
while birth via caesarian section (OR: 0.47; 95% CI: 0.25- 
0.92) was associated with decreased risk of non-affective 
psychosis. However, inclusion of these variables in the 
model did not affect the risk estimates for the different APPs 
(Table 3). 



Af1£t l\ffa 
aw laiy ic 


Cases (h = 196) 


l_/L// III L/IJ (II — J 


Anna r <^~7 at R min (°/-.\ 




2.3 


1 5 


CtcoLcUIUI Ictl WtJcft 


40 


(39-41) 


AO f3Q— 41 \ 

tu ^oy 1 1 ) 


Ivlcucl I Idl ciyc >00 ytJdlb \ /of 




13.6 


ft 7 
o. / 


Small-for-gestational age (%) 




5.1 


A 1 


w OCUllUI 1 IJIIlll \ /of 




7.5 


1 C..O 


nUifcJiyil UUliI IIIUUIUi 




22.1 


i o.o 


runucidi ii iuca 


27 


(25-29) 




Sex (% male) 




54 


49 


Year ot birth 


1978 


(1977-1981) 


h n~70 /h n~7"7 h noH \ 

1 978 (1 977-1 981 ) 


Acute phase proteins 








a-2-Macroglobulin (ng mr 1 ) 


347 


(155-630) 


408 (152-675) 


Haptoglobin (ng mr 1 ) 


6.75 


(2.78-26.2) 


6.27 (2.48-17.0) 


C-reactive protein (ng mr 1 ) 


0.63 


(0.23-1 .44) 


0.78 (0.24-1 .95) 


Serum amyloid P (ngmr 1 ) 


8.91 


(5.03-15.3) 


11.0 (5.46-17.7) 


Procalcitonin (pgmr 1 ) 
Ferritin (pg ml " ) 


1.98 


(0.76-3.48) 


2.24 (0.76-3.79) 


1474 


(326-3062) 


1417 (372-2927) 


tPA(pgmr 1 ) 


2.99 


(0.62-5.33) 


3.89 (1 .65-6.25) 


Fibrinogen (ngmr 1 ) 


7.62 


(2.31-24.4) 


7.62 (2.31-24.4) 


Serum amyloid A (ng mr 1 ) 


1.43 


(0.63-2.80) 


1 .70 (0.79-3.72) 



Abbreviations: APP, acute phase protein; tPA, tissue plasminogen activator. 
All shown as median (25th-75th percentile), unless otherwise specified. 



Table 3 Risk of non-affective psychoses, using log 2 -transformed values of 
APPs 



Model 1* 



Model? 



Model 3° 



a-2- 

Macroglobulin 
Haptoglobin 
C-reactive 
protein 
Serum amy- 
loid P 

Procalcitonin 

Ferritin 

tPA 

Fibrinogen 
Serum amy- 
loid A 



0.91 (0.79-1.04) 0.91 (0.79-1.06) 0.93(0.79-1.10) 

0.94(0.86-1.03) 0.95(0.86-1.03) 0.95(0.85-1.05) 

0.94 (0.86-1 .03) 0.93 (0.85-1 .02) 0.94 (0.85-1 .04) 

0.88(0.78-0.99) 0.88(0.77-0.99) 0.88(0.76-1.01) 



0.94 (0.86-1.03) 
1.02 (0.91-1.15) 
0.90 (0.85-0.96) 
0.97 (0.91-1.03) 
0.94 (0.87-1.01) 



0.95 (0.86-1 .04) 
1.03 (0.91-1.16) 
0.91 (0.85-0.97) 
0.97 (0.91-1.03) 
0.95 (0.88-1 .03) 



0.92 (0.83-1 .03) 
1.03 (0.90-1.19) 
0.87 (0.81-0.94) 
0.96 (0.89-1 .03) 
0.91 (0.83-1.00) 



Abbreviations: APP, acute phase protein; tPA, tissue plasminogen activator. 
a Matched for sex, date of birth and hospital of birth. b Matched as in 'a', adjusted 
for maternal age (35 + years), foreign-born mother and C-section. "Matched as 
in 'a', adjusted for low apgar, birth order, gestational week, maternal age (35 + 
years), small-for-gestational age, C-section, foreign-born mother and ponderal 
index. 



Obstetric complications have been associated with risk of 
non-affective psychosis. 29 In the study population, indicators 
such as low Apgar, birth order, gestational week, small-for- 
gestational age and ponderal index (weight/length 3 ) were not 
associated with risk of non-affective psychosis. Inclusion of 
these variables in the model did not affect the risk estimates 
for the different APPs (Table 3). 

Tertile analysis. Tertiles were set according to the distribu- 
tion of APP concentrations among controls (Supplementary 
Table 2). Analysis comparing risk of non-affective psychosis 
in upper tertiles compared with the lowest tertile (adjusted for 
maternal age, foreign-born mother and C-section birth) 
revealed patterns similar to the analysis of APPs as 
continuous variables. Risk of psychosis was reduced in the 
highest tertile of tPA and SAP compared with the lowest 
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tertile (Figure 2). Additionally, risk of psychosis was reduced 
in the highest tertile of procalcitonin (Figure 2). 

Discussion 

Our data indicate that individuals who develop schizophrenia 
and other non-affective psychoses have lower levels of at 
least three different APPs as compared with controls in the 
neonatal period. To the best of our knowledge, this is the first 
study of markers of inflammation performed on neonatal 
samples from individuals later diagnosed with non-affective 
psychoses and their matched controls. 

As described in the Introduction, previous studies on 
neonatal samples have measured total or specific immuno- 
globulins of subclass G, which are most likely derived from the 
maternal circulation and hence indicate previous maternal 
exposures. Levels of different APPs have, however, been 
investigated in adult individuals diagnosed with schizophrenia 
or other non-affective psychoses. Given the results from these 
studies, our findings are somewhat surprising. A number of 
studies have reported elevated CRP in patients with schizo- 
phrenia, 30,31 though some increases in CRP in treated patient 
populations can be attributed to antipsychotic treatment. 32 
Notably, circulating CRP concentrations have been correlated 
with cognitive deficits in schizophrenia patients in the largest 
studies to date. 33,34 Moreover, circulating haptoglobin, a-2- 
microglobulin, SAP, CRP, and ferritin have been reported to 
be increased in schizophrenia patients as compared with 
control subjects. 35,36 

The overall pattern of APPs observed in the current study 
population indicates that individuals who will go on to develop 
non-affective psychoses are more likely to have lower levels 
of some, but not all, of the investigated APPs as compared 
with matched controls. The varied roles played by the specific 
APP's offer a number of mechanisms potentially underlying 
their association with a future diagnosis of non-affective 
psychosis. 

The pentraxins and other pattern-recognition molecules. 

SAP and CRP both belong to a family of pattern-recognition 
molecules termed pentraxins. SAP and CRP are 51% 
homologous, though they display differences in terms of 
target affinity and concentration changes during the acute 
phase response. 37 Procalcitonin is the precursor protein to 
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Figure 2 Risk of non-affective psychosis by tertiles of acute phase proteins, 
matched for sex, date of birth and hospital of birth, and adjusted for maternal age 
(35 + years), foreign-born mother and C-section. (Tertiles set using controls only.) 
Results are shown as odds ratios with 95% confidence intervals. 



calcitonin, a calcium-binding hormone whose physiological 
role in humans is poorly defined. 38 Levels of procalcitonin 
increase more rapidly than CRP in response to endotoxic 
insults, and elevated procalcitonin-levels have therefore 
been proposed as a specific marker of systemic bacterial 
infections. 39 

We observed that levels of SAP and procalcitonin were 
significantly lower among cases compared with controls, with 
a similar, though non-significant, trend for CRP. These 
findings suggest that deficits in the neonatal innate immune 
system are involved in the later development of non-affective 
psychoses. This finding is intriguing given that history of 
severe infections during childhood has been reported to be a 
risk factor for schizophrenia in some, 40,41 but not all 42 studies. 
Additionally, schizophrenia cases are more likely to test 
seropositive for antibodies to specific infectious agents . 43-46 
It can thus be speculated that deficits in the innate immune 
defense may leave the neonate more vulnerable to infectious 
agents, potentially leading to earlier, more severe or chronic 
infections. Indeed, mice deficient in IL-6, the cytokine that 
most directly influences the acute phase response, are highly 
vulnerable to several infectious agents, including Toxoplasma 
gondii. 47 Notably, mice in which the hepatic IL-6 signal 
transduction pathway has been knocked out suffer not only 
from an attenuated APP response following infection or 
endotoxin challenge but also increased and persistent 
systemic levels of pro-inflammatory cytokines, indicating that 
an adequate hepatic acute phase response is necessary for 
the appropriate resolution of inflammation. 48 The discrepancy 
between low neonatal APP levels observed here and the 
elevated levels reported in adult patient populations may thus 
result from decades of increased risk of contracting infectious 
diseases. Following repeated stimulation of the proinflamma- 
tory pathways, the same pathways may become chronically 
activated, eventually leading to persistent elevation of acute 
phase reactants. 49,50 The acute inflammatory response, while 
having a critical role in the innate immune response and host 
defense, can during such circumstances become destructive 
to host tissues. 

Regulation of blood coagulation. tPA is a serine protease 
that is made systemically by the vascular endothelium 
but is also expressed widely in the human central nervous 
system (CNS). 51 tPA cleaves plasminogen to its active 
plasmin form. Plasmin can degrade fibrin, thereby acting 
as an anticoagulant by promoting the resolution of blood 
clots. We also note a trend for lower a-2-macroglobulin 
in cases compared with controls. a-2-Macroglobulin func- 
tions to both inhibit coagulation, by inhibiting thrombin, 
as well as to promote coagulation, by inhibiting plasmin. 52 
Although there was no difference between case and 
controls in terms of fibrinogen (which also promotes 
clotting), 53 these data indicate that clotting is potentially 
dysregulated in some neonates who will later develop non- 
affective psychosis. Disturbances in blood coagulability, 
potentially contributing to the increased incidence of cardi- 
ovascular disease among patients with schizophrenia, have 
not only been associated with anti-psychotic medication use 
but have also been reported in medication-naive patients 
with psychosis. 54 
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Regulation of CNS development and function. In addition 
to its role in coagulation, tPA is also important within the 
CNS. In rodents, tPA is expressed in CNS tissues beginning 
early in development, where tPA expression is involved in 
neurogenesis and synaptic formation. 55 A key role for tPA in 
CNS development and function is further supported by 
studies in mice lacking tPA, which display abnormalities in 
both emotional and cognitive domains. 56 

Some actions of tPA in the CNS may be mediated via 
actions on brain-derived neurotropic factor (BDNF). BDNF is 
activated from proBDNF to mature BDNF by the tPA- 
mediated activation of plasmin. BDNF and tPA are both 
required for long-term potentiation, considered to be the 
molecular mechanism underlying learning and memory. 57 
Interestingly, low circulating levels of BDNF are observed in 
patients with schizophrenia and non-affective psychoses, with 
the most notable deficit in first-episode, drug-naive patients. 58 
Systemic levels of BDNF appear to correspond well to levels 
of BDNF observed in the cerebrospinal fluid in these 
patients. 59 Our current finding of low tPA levels suggest that 
those who will go on to develop psychosis later in life may 
have a deficit in BDNF signaling well before the onset of the 
disease, that is, already at the time of birth. 

Iron homeostasis. Ferritin binds to iron and releases it in a 
controlled manner. Circulating levels are directly correlated 
with iron stores in adults as well as neonates. 60 Ferritin levels 
increase during an acute phase response, in order to deprive 
microbes of iron. 26 Haptoglobin binds to hemoglobin 
released from erythrocytes and also functions to sequester 
iron during an acute phase response. 61 

Previous studies have linked maternal anemia, as diag- 
nosed by low maternal hemoglobin levels, with increased risk 
of schizophrenia in the offspring. 62,63 An implication of these 
studies is that perinatal iron deficiency may increase later risk 
of schizophrenia in the offspring because iron is necessary for 
many processes underlying neurodevelopment. However, we 
did not observe any differences between cases and controls in 
terms of neonatal ferritin levels. One possible explanation is 
that the mothers in our study population had generally good 
nutritional status and that severe iron deficiency was rare, 
thus limiting our power to detect such an effect. Data on 
maternal or cord blood hemoglobin levels were not available, 
and this possibility could not be further investigated. Only four 
mothers had a formal diagnosis of iron deficiency in the MBR, 
and children of these mothers did have relatively low ferritin 
levels (<25th percentile). However, it should be noted that 
cord serum ferritin values are on average 1 0 times higher than 
maternal serum ferritin values and that, in iron-sufficient 
populations, there is little relation between maternal iron 
status and cord blood ferritin. 60,64 

An alternative hypothesis is that low maternal hemoglobin 
may be mediating the risk of schizophrenia by increasing the 
risk of intrauterine hypoxia, 62,65 another documented risk 
factor for schizophrenia. 66,67 In our study, levels of the acute 
phase marker most closely associated with hypoxia in 
neonates, SAA, 68 did not significantly differ between cases 
and controls. SAA, in contrast to SAP, does not act as a 
pattern-recognition molecule but instead has a role in the 
chemotactic recruitment of phagocytic cells and modulation of 



the extracellular matrix. If anything, cases had slightly lower 
SAA. However, it should be noted that only four cases and 
seven control individuals had an Apgar score of <7 at 5min 
after birth (Table 1 ), indicating that few individuals in our study 
population suffered from neonatal hypoxia. 67 Therefore, the 
power to detect changes in a biomarker such as SAA in 
response to birth complications in our study was low. 

Strengths and limitations. This study is based on archived 
samples, collected prospectively for an entire population, 
preventing bias in sample collection or storage conditions. 
Investigators carrying out technical analyses were blinded to 
the case status of the samples. Thus, the results likely are 
not due to bias in sample collection, storage or handling. 
However, the small volume of the blood spots limits the 
number of analyses that can be performed. As we noted 
earlier, 19 there was a relatively low participation rate in the 
study and more cases declined consent compared with the 
controls. Though selection bias cannot be completely ruled 
out, cases who consented to participate did not differ in age, 
sex or diagnosis compared with those who did not. 19 

A further limitation is that only a single time point in the 
perinatal period was captured. It remains to be investigated 
how these neonatal markers relate to maternal immune 
signals over the course of pregnancy. Unfortunately, corre- 
sponding maternal sera are not available and the role of 
maternal inflammatory mediators on neonatal levels of APPs 
cannot be investigated in the present study population. 
However, maternal immune reactivities to specific antigens 
are readily detectable in neonatal blood, and the potential role 
of such reactivities can therefore be investigated in future 
studies. Genetic variation could potentially contribute to the 
differences observed between cases and controls but was not 
investigated here. Circulating levels of, for example, CRP in 
adults are influenced by variation in multiple genes. 69-71 
However, little is known about the associations between these 
variants and circulating levels of APPs in younger populations, 
particularly at the time of birth. 

Conclusions 

To our knowledge, this is the first study to examine levels of 
APPs, which are indicators of the child's own immune 
response, at the time of birth, in a cohort of individuals who 
will go on to develop non-affective psychoses. We report that 
those who will go on to develop non-affective psychoses later 
in life appear to have lower levels of some, but not all, APPs at 
the time of birth. Reduced levels of pentraxins suggest 
increased susceptibility to infectious disease among some 
cases. Additionally, lower levels of tPA suggest potential 
deficiencies in pathways critical to neurodevelopment begin- 
ning already at the time of birth. To devise preventive 
strategies for non-affective psychosis, future studies are 
needed to investigate the mechanisms underlying the 
identified changes in APPs. Such studies need to consider 
environmental exposures as well as genetic risk factors. 
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